The presence in normal urine of small amounts of protein (1) , some of which might originate in the urinary tract (2) , was suspected toward the end of the last century. In 1951 Rigas and Heller (3) found the total 24-hour output of protein to be 39 mg, and since then estimations of up to 150 mg per 24 hours have been made (4) . Part of this protein is derived from the urinary tract (5) and part from the serum (6) (7) (8) (9) (10) (11) , from 14 and 20 serum components being found by immunoelectrophoresis (10) .
Differences between the y-globulin components of the protein of normal urine and that of serum have been noted in recent years. Jahnke and Scholtan (12) suggested from ultracentrifugal studies of total urinary proteins that the y-globulins excreted might be in the form of low molecular weight fragments, but it was not until recently that this was definitely proved by Webb, Rose and Sehon (13) and by Franklin (4) . It has been found also that there are immunologic differences between serum and urine y-globulins as shown by immunoelectrophoresis (6) and by the quantitative precipitin reaction (14) .
Although the mechanism of postural proteinuria is still in doubt, much work has been carried out on the subject since the earliest descriptions which are attributed to Ulzmann (15) . In studies of the proteins of postural proteinuria by paper electrophoresis (16) , starch gel and immunoelectrophoresis (17) , and by quantitative precipitin tests (14) , the y-globulin component appears to behave like that of normal serum. * Exercise proteinuria was noted in 1878 by von Leube (18) , who found that of 119 soldiers whose early morning urine had been albumin-free, 14 developed proteinuria after arduous duty marches or battalion drill. Since then, numerous examples of exercise proteinuria have been recorded. Stewart (2) studied the condition in soldiers during fatigue; Blake and Larrabee (19) made observations on long distance runners; Collier (20) reported on athletes, especially rowing teams; and in a review of the subject in 1931, Volhard (21) records its occurrence in football players, cyclists, skiers, swimmers, wrestlers, racing walkers, boxers, and gymnasts. The term "athletic pseudonephritis" was coined by Gardner (22) to stress similarities between the urine of acute glomerulonephritis and that which followed physical exertion. In paper electrophoretic studies of exercise proteinuria Nebdal and Seliger (23) found striking correspondence between the protein fractions in serum and urine. The y-globulins appear to be similar by this technique, but quantitative precipitin reactions (14) using an antiserum against serum y-globulin show a definite difference between the y-globulins of serum and exercise urine.
The purpose of the present study is to investigate, by immunoelectrophoresis, variations in the amount and characteristics of the urinary y-globulins in physiological and pathological conditions.
MATERIALS AND METHODS
Terminology. A confusing nomenclature has been used to describe the condition of "postural" proteinuria. Since there may be variations in the proteins excreted in the urine of these subjects under different circumstances, it is advisable that terminology be precisely defined. In the present article we shall use the name "postural" to include all variants of the condition, "lordotic" for periods in extreme lordosis, and "orthostatic" for the proteinuria 1638 which occurs during normal diurnal activity in these subj ects.
Urines. Normal urine was obtained from four healthy males, aged 25 to 35 years. Lordotic proteinuric urine was obtained from five healthy boys, aged 7 to 12 years, and from one healthy girl aged 15 years, none of these having history or evidence of renal disease. The urine was collected by spontaneous voiding after 10 minutes of erect lordosis. Subjects used for the study of exercise proteinuria were healthy male university students who were members of a swimming team. Urine specimens were obtained from them before and at an interval of 15 to 30 minutes after strenuous training lasting 1 to 3 hours with brief intermissions. Since the swimming bath was heated to 76°F, the proteinuria which occurred cannot be attributed to the effects of cold, as in Johnson's cases (24) . Swimmers whose pre-exercise specimen showed proteinuria were excluded from the study. Serial 24-hour urines were collected also from children with idiopathic nephrosis during progress from relapse to remission while on steroid therapy.
Electrophoretic and immunoelectrophoretic comparisons were carried out on individual urines as well as on pooled specimens. For further studies the 'y-globulin component was isolated from pooled specimens of normal and exercise urines from several subjects, and from pooled lordotic specimens from the same girl. Thymol and sodium azide were used as preservatives and all urine specimens were stored in the cold at 4°C.
Concentration of urinary proteins and isolation of 'y-globulin. (25) . The zones of 'y-globulin and transferrin were located by capillary interface tests, using unispecific antisera by the criteria of immunoelectrophoresis. The 8,'y-and 'y-globulin segments of the block were eluted by displacement filtration with saline. The eluates were dialyzed in Visking tubing against distilled water at 40 C until they were free of salts, after which the protein was lyophilized.
Diethylaminoethyl (DEAE) cellulose columns were prepared according to the method of Jackson, Farmer, Slater and DeWolfe (26) . Chromatography of the urinary y-and #,-y-globulin fractions was carried out, using a gradient of decreasing pH and increasing salt concentration, so that all the 'y-globulin was eluted from the column before the sodium chloride gradient commenced. The NaH2PO4 concentration of 0.005 M in the starting buffer was maintained until 50 ml of eluate had been collected, after which the concentration rose Paper electrophoresis was carried out in barbital buffer, pH 8.6, ionic strength 0.1. For quantitation, 30-AI aliquots of urine concentrates were applied, and the electrophoretic strips were stained with Lissamine green and scanned photoelectrically.
Immunoelectrophoresis was carried out in 1.5 per cent agar gel on 25 X 75 mm glass microscope slides, by modification of Scheidegger's (27) micro method. Wieme's (28) technique, which uses a steep voltage gradient and a cooling liquid, was employed for the electrophoretic separation, and the antiserum was applied on a 2-mm wide filter paper strip laid on the surface of the gel. Diffusion was continued for 48 hours, the slides were washed in saline for 3 days, and then stained with Ponceau S and photographed.
Antisera. Four different antisera against whole human serum were used: Institut Pasteur equine antiserum no. 13411; Hyland Laboratories, goat antiserum, lot 3802 R.L.; and 2 antisera 1 (A and B) prepared in goats.
Four rabbit antisera (Ya., 'b, 'Y,,, 'd) were prepared against human serum y-globulin isolated by Cohn fractionation followed by zone electrophoresis in starch.
RESULTS
Quantitation of protein excretion. Comparisons were made of the rate of protein excretion in the urine, during normal activity, during and immediately after exercise, and in subjects with orthostatic proteinuria (Table I ). In 24 normal subjects of all ages studied in this laboratory, the average 24-hour output of protein in the urine was 52 mg.
Of the 96 swimmers examined, 25 (36 per cent) had proteinuria before swimming.2 Whether these especially in the a,-and a,-regions. As noted by others, the amount of globulins relative to albumin in normal urine was high, whereas in postural urines the reverse ratio was seen, and about equal amounts of albumin and globulins were present in exercise urine (Table I) Since special interest attached to the difference between exercise and "normal" urinary protein, the electrophoretic,8,y-regions also were compared by DEAE fractionation. Figure 3 reveals that no difference in the relative proportion or elution rate of the two peaks was apparent. The first peak, in the eluate region of 40 ml, reacted with y-globulin antiserum; the second, in the eluate region of 100 ml, reacted with transferrin antiserum.
Immunoelectrophoresis. Immunoelectrophoretic patterns of the urinary proteins have been studied with particular reference to the y-globulin component. Figure 4 shows typical examples of the patterns obtained with an antiserum against whole human serum. It is evident that the y-globulin precipitin line is single (or minimally split at each extremity) for normal serum and lordotic urine, but double, and in some instances triple, and shortened for normal and exercise urines, depending upon the particular antiserum used. These differences have been confirmed with two other normal urines, with seven exercise urines ( Figure 5) , and with six lordotic or orthostatic urines from five subjects (Figure 6 ). In the last group, the Normal Urine In all cases, the y-globulin pricipitin line is single. 0 = orthostatic, urine collected during normal activity. L = lordotic, urine collected after lordotic posturing. y-globulin line has the same appearance whether the urines were collected during normal activity or during periods in extreme lordosis.
The influence on the precipitin lines of varying the proportion of antigen and antibody was tested (Figure 7) , and it was found that the double lines with normal and exercise urine persisted throughout a considerable range of antigen concentration.
Furthermore, dilutions of normal serum were set up against a standard amount of antiserum (Figure 8, upper 5 patterns) . Although the y-globulin precipitin line became indistinct and broad, with an "onion skin" or lamellar appearance at higher dilutions, it was not similar to that seen in the urine patterns.
The influence of method of concentration of the urinary proteins on the immunoelectrophoretic pattern was investigated by dividing a small pool of exercise urine into two parts and by concentrating one part by ultrafiltration and the other by dialysis against polyvinylpyrrolidone. No significant variation was evident between the electrophoretic patterns of the two protein concentrates (Figure 8) . Similarly, we have noted no significant difference between the patterns of exercise urine specimens concentrated solely by dialysis against polyvinylpyrrolidone and those in which the protein was first precipitated by ammonium sulfate. In fact, when exercise urine was voided directly into bottles containing both solid (NH4)2S04 and HgCl3, thus providing immediate precipitation and presumably inactivation of proteolytic enzymes, there was no alteration in the typical appearance of the split y-globulin bands. This confirms the unpublished observations of Stevenson (29) .
Variations in the reactivity of the y-globulins of both serum and urine with different antisera were studied. When normal serum reacted with eight different antisera, as shown in Figure 9A , the y-globulin precipitin line appeared single with the first five antisera, but showed minimal splitting with Yb, ye, and Yd. Similarly, the postural urine patterns in Figure lOB showed apparently single y-lines throughout. In contrast, the normal urinary y-globulin ( Figure 9B) In studies of exercise urine by the Ouchterlony technique we have found that, as in normal urine (4), the precipitin line nearest the point of application of antigen gives a reaction of identity with 7S y-globulin. The more distant precipitin line of exercise urine gives a reaction of identity with a similar band of normal urine. A third band in normal urine, most distant from the origin of the antigen, does not have a counterpart in exercise urine. Figure 11 depicts an unusual variant of postural urinary y-globulin on one occasion during lordosis by Patient I.S., the methods of preparation and analysis being similar to those used with other urines. Although the bands were poorly developed with Hyland and Va antiserum, the presence of a fast and slow band uniting with the main y-globu- Accurate quantitation of the rate of protein excretion during exercise and in lordosis is difficult because of the dead space of the collecting system, and comparisons between the two conditions are further complicated by the different time at which protein excretion occurs relative to the stressful 1646 stimulus. The rates of excretion presented in Table I for lordotic proteinuria are calculated from the amount of protein in urine collections made immediately after cessation of lordosis and referred to the time during which lordosis was maintained. This takes into account the observation made in previous studies (14) that protein is transferred from plasma to urine only during the period of lordosis, but it ignores the decreasing amount of protein which is thereafter washed out of the renal collecting system. The excretion rate should be calculated from the total time in lordosis and the total protein excreted from the beginning of posturing until excretion is again normal. The estimates in Table I thus are low. A similar situation prevails in exercise proteinuria except that, as White and Rolf (30) have shown in runners, the proteinuria occurs during the period following exercise. Our findings in swimmers are similar, one young athlete showing no proteinuria on numerous occasions in the specimen of urine passed immediately after exercise.
His maximal rate of protein excretion occurred during the first 15 minutes after swimming, the rate returning to resting levels within 2 hours. Excretion rates in exercise proteinuria must therefore be calculated during this post-exercise period. The data in Table I were derived from swimmers undergoing strenuous exercise over a 1-or 2-hour period, the urine being collected from the commencement of exercise until approximately 30 minutes after its cessation; thus these values also will be low. For purposes of comparison, however, the significant feature is the overlap which occurs in rates of protein excretion between lordosis and exercise and renal disease.
The composition of the urinary protein as defined by paper electrophoresis varies considerably, with much better definition of distinct components when the protein is excreted in higher concentration. Poor definition of components in patterns of lesser and "normal" proteinuria is due largely to the higher relative concentration of other proteins, believed to be derived from the renal tract, which obscures the components derived by renal filtration from the plasma. Attempts to quantitate the urinary protein in comparison to the relative composition of serum may thus be misleading.
Previous observations in this laboratory showed that the y-globulin excreted in exercise proteinuria reacted in quantitative precipitin tests in a manner similar to the minute amounts excreted in normal urine, in contrast to that of postural proteinuria which behaved like serum 7S y-globulin (14) .
Exercise urinary y-globulin gave a reaction of partial identity with 7S y-globulin in the manner described by Webb and co-workers (13) and by Franklin (4) for the y-globulin of normal urine.
In this study, the distinct differences between the y-globulins excreted in the urine under differ spondence between the two components of a double line and the precipitin lines produced by the two main fragments derived by papain digestion of human serum y-globulin. In immunoelectrophoretic studies of normal urine, Grant (6) presence of small fragments of y-globulin, a hypothesis which has since been confirmed.
It seems likely that the double lines in exercise urine and in certain nephrotic urines are also indicative of the presence of y-globulin fragments in substantial amount. Preliminary studies of the y-globulins prepared by electropheresis and DEAE cellulose chromatography suggest that the molecular size of the fragments in exercise urine and normal urine are similar, and that they represent the larger proportion of the y-globulin molecules in these urines. Furthermore, it appears that they are different from lordotic urinary y-globulin which is of larger molecular size. Rowe and Soothill (32) have recently demonstrated that the mean molecular weight of the protein is lower for exercise proteinuria than for postural proteinuria. However, when only a single y-globulin line is visible on immunoelectrophoresis, a small amount of y-globulin fragments may nevertheless be present, but in such minute quantity relative to 7S y-globulin that they are not concentrated sufficiently to form a precipitin line.
y-Globulin precipitin lines in series may represent denatured fragments, as suggested by Patte, Baldassaire and Loret (7) for composite albumin lines of similar appearance. This may be the explanation of the findings in the lordotic urines from Subject I.S., although, as previously noted, this girl's urine showed a pattern similar to that of other lordotic urines on various occasions when the methods of protein handling and concentration were apparently the same. The difference between double lines and lines in series may be difficult to interpret. For instance, the mobility relationship and degree of lateral separation between the two or three y-lines in normal urine ( Figure 9B ) and exercise urine ( Figure 10A ) varies somewhat with different antisera. In the case of nephrotic urinary y-globulin (Figure 12) , the difference in the electrQphoretic mobility of the two y-bands of T.M. is quite pronounced. Furthermore, there is considerable variation in the apparent proportion and mobility of the y-lines of T.M. in contrast to those of P.B. and B.Z. These variations suggest that the fragments formed on cleavage of the y-globulin molecule may differ in relative proportion and properties in the various proteinurias.
Scheidegger and Buzzi (33) have demonstrated that normal y-globulin has at least four groupings which determine antigenic properties. The variable antibody response of different animals to these groupings will determine the number of lines which may be produced in interface reactions and the distance between them. This may well explain the variations in immunoelectrophoretic patterns with different antisera observed here and in the studies of Goodman (34) , who noted 5 y-globulin precipitin bands in normal urinary protein. Our finding of three distinct precipitin lines with normal urine and two with exercise urine suggests that, in the former, two y-globulin fragments with different antigenic specificity are formed, whereas in the latter only one type of fragment has been demonstrated. The relationship of these moieties to the y-globulin fragments which can be produced in vitro is not clear. Berggard (35) has recently demonstrated a small moiety in normal serum designated YL-globulin. Whether this is a cleavage product of 7S y-globulin, as suggested by Franklin (4) and by Webb and colleagues (13), or is synthesized de novo is unknown. The former possibility might seem credible in view of the increased rate of excretion of y-globulin fragments after exercise. However, the difference in the precipitin bands formed by the urinary y-globulins of different nephrotic children (noted also by us in acute nephritis) might suggest variations in the types of cleavage of y-globulin which may occur. An alternative explanation is that these variations of the patterns in renal disease may reflect only a variation in the relative proportion of 7S and smaller y-globulins being excreted.
The site of formation as well as the factors affecting the size and rate of excretion of these y-globulin fragments remains obscure. Based not only on the time of occurrence but also on the difference in the type of y-globulin excreted, it seems apparent that exercise proteinuria and postural proteinuria arise by different mechanisms. It is postulated that exercise proteinuria may be an accentuation of the process which is responsible for the infinitesimal normal protein loss, although some differences between them are evident.
SUM MARY
The proteins excreted in "normal" exercise, postural, and nephrotic urines have been studied by immunoelectrophoresis to determine the nature of the y-globulins. In contrast to the single precipitin line developed by the y-globulin of normal serum and postural proteinuria, double or triple lines or lines in series are formed by the y-globulins in the other three types of proteinuria.
The findings suggest that, with respect to multiple bands, the -y-globulins are excreted as fragments of small size, that exercise proteinuria may be an accentuation of the process responsible for normal proteinuria, and that relatively large amounts of the y-globulin fragments may be excreted in certain cases of nephrotic syndrome.
